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Background: While earlier studies indicated that cholesterol 
levels decrease significantly after an acute myocardial 
infarction (MI), a more recent study refuted this observation. 
objectives: To assess changes in plasma lipid levels after 
onset of acute MI, and determine important predictors of lipid 
dynamics.
methods: We prospectively measured lipid levels of patients 
who presented with an acute MI. Blood samples were drawn 
on admission to the hospital (day 1), after fasting at least 12 
hours overnight (day 2), and on the 4th day of hospitalization 
(day 4). 
results: Of 67 acute MI patients, 30 were admitted for 
ST elevation MI (STEMI) and 37 for non-STEMI. Both total 
cholesterol and low density lipoprotein cholesterol (LDL-C) 
levels decreased significantly (by 9%) in the 24 hours after 
admission and by 13% and 17% respectively on day 4. 
High density lipoprotein cholesterol (HDL-C) levels as well 
as triglycerides did not change significantly. Independent 
predictors of LDL-C decrease were the presence of diabetes 
mellitus [odds ratio (OR) 6.73, P = 0.01), and elevated cardiac 
troponin T (cTnT) levels (OR 1.81, P < 0.04).
conclusions: LDL-C levels decrease significantly after an acute 
MI. The reduction is correlated with cTnT levels. Diabetes is a 
strong independent predictor of LDL-C decrease. In acute MI 
patients only measurements taken within 24 hours of onset 
should be used to guide selection of lipid-lowering medication.
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aBstract:

KeY words:

s tudies performed four decades ago demonstrated an early 
decrease of up to 50% in serum total cholesterol (TC) 

and low density lipoprotein cholesterol (LDL-C) within the 
first several days after acute coronary syndrome (ACS) [1,2]. 
More recent studies supported this observation by showing a 
significant although less pronounced drop of 10–20% [3-6]. The 
findings of the study by Pitt et al. [7] contradict these previ-
ous observations by showing only a modest and non-clinically 
relevant drop (3–5%) in lipid levels in the 4 days after an ACS. 
To clarify this issue we assessed changes in plasma lipid levels 
after onset of acute myocardial infarction (MI). In addition, we 

looked for factors associated with a larger magnitude of TC and 
LDL-C decrease.

Patients and metHods

Lipid levels of 67 consecutive patients with an acute MI 
were prospectively measured. Of them, 30 were admitted for 
ST elevation MI (STEMI) and 37 for non-ST elevation MI 
(NSTEMI). 

Blood samples were drawn on admission to hospital (day 
1, fasting or non-fasting sample), after fasting at least 12 hours 
overnight (day 2), and on the 4th day of hospitalization (day 4, 
fasting sample). Serum levels of high density lipoprotein choles-
terol (HDL-C), TC, and triglycerides (TG) were measured. The 
LDL-C was calculated by the Friedewald equation [8]. Levels 
of serum C-reactive protein (CRP) were also measured on day 
1, 2 and 4. 

Patients were diagnosed with acute MI based on the current 
universal definition of acute MI using cardiac troponin T (cTnT) 
as a marker for myocardial necrosis [9].

statistical analYsis

Data are presented as mean ± SD. Comparisons between mul-
tiple experimental groups were made with one-way ANOVA. 
Comparisons between proportions were made with Fisher’s 
exact test (two-tailed). In order to identify independent 
predictors of a clinically significant decrease in LDL-C (e.g., 
decrease of ≥ 10%) on day 2, a logistic regression model was 
constructed with the following prespecified covariates: age, 
cTnT, the presence of diabetes mellitus, gender and MI type 
(STEMI or NSTEMI). P values ≤ 0.05 were considered statis-
tically significant. SPSS (version 20) was used for statistical 
analysis. The study protocol was approved by the institutional 
Helsinki Committee.

results

Characteristics of the 67 patients with acute MI are shown in 
Table 1. Mean age was 58 ± 13 years, 83% were males, 31% had 
diabetes, 49% had hypertension, 61% were smokers, 29% had 
a history of coronary disease, and 25% were taking an HMG 
coA reductase inhibitor (statin) prior to admission. None of 
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these characteristics were significantly different in both STEMI 
(30 patients) and NSTEMI (37 patients), except for peak cTnT 
which was significantly higher in STEMI patients. A trend for 
higher co-morbidities (diabetes, hypertension and previous 
MI) was seen for the NSTEMI patients. 

All patients were clinically stable during the 4 day follow-
up, and none of the patients received inotropes or blood 
transfusions. 

As shown in Figure 1 and Table 2A, compared to day 1 there 
was a statistically significant decrease of 16% in TC and 21% 
in LDL-C levels on day 4: TC decreased from 4.99 ± 1.09 to 
4.31 ± 1.0 (P < 0.003), and LDL-C decreased from 3.34 ± 1.04 
to 2.77 ± 0.96 (P < 0.01). HDL-C levels as well as TG levels 
did not change significantly. As expected, CRP levels increased 
significantly from day 1 to day 4. 

Figure 1. Changes in lipid profile parameters TC, LDL-C, HDL and 
triglycerides, and CRP, in the 4 days after an acute MI. The TC and LDL 
decreased significantly, HDL and TG levels did not change significantly, 
and CRP increased significantly

TC = total cholesterol, LDL-C = low density lipoprotein-cholesterol,  
HDL = high density lipoprotein, TG = triglyceride, CRP = C-reactive protein, 
MI = myocardial infarction
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Fifty patients were statin-naïve (i.e., had never taken statins) 
at the time of admission, and 17 patients were on statin therapy 
prior to admission. All patients receiving statin therapy prior 
to admission received simvastatin 10, 20 or 40 mg/day. All 67 
patients were prescribed atorvastatin, 40 mg, after admission. 
The first dose was given on day 2 in the evening. As expected, 
patients who were on a statin prior to admission had lower 
LDL-C levels compared to statin-naïve patients; however, 

table 1. Patient characteristics

ste mi
(n=30)

nste mi
(n=37) P

Age (mean ± SD) 59 ± 15.3 58.5 ± 11.4 NS

Female gender 13% 19% NS

Diabetes 23% 38% NS

Hypertension 40% 59% NS

Smoking 80% 49% NS

Previous MI 20% 35% NS

Statin use* 16% 32% NS

cTnT(mean ± SD) 2.0 ± 1.9 0.64 ± 0.63 < 0.0001

*Statin was used prior to admission
STEMI = ST elevation MI, NSTMI = non-STEMI, cTnT = cardiac troponin T

table 2. Mean lipid values at each time point , and in statin-naïve 
compared to chronic statin-treated patients

a. All MI patients

lipid parameter
(µmol/l)

day 1
(n=67)

day 2
(n=67)

day 4
(n=67) P value 

TC 4.99 ± 1.09 4.77 ± 0.97 4.31 ± 1.0 < 0.003

LDL 3.34 ± 1.04 3.07 ± 0.87 2.77 ± 0.96 < 0.01

HDL 0.94 ± 0.31 0.87 ± 0.28 0.91 ± 0.45 NS

TG 2.08 ± 1.36 2.18 ± 1.12 2.0 ± 0.73 NS

CRP 0.67 ± 0.78 1.55 ± 1.4 2.4 ± 1.5 < 0.01

B. STEMI patients 

lipid parameter
(µmol/l)

day 1
(n=30)

day 2
(n=30)

day 4
(n=30) P value

TC 5.1 ± 1.0 4.78 ± 1.08 4.29 ± 0.98 < 0.01

LDL 3.45 ± 1.07 3.1 ± 1.05 2.74 ± 0.83 < 0.04

HDL 0.99 ± 0.34 0.89 ± 0.31 0.96 ± 0.58 NS

TG 1.92 ± 1.16 1.99 ± 0.97 1.87 ± 0.84 NS

CRP 0.63 ± 0.46 2.07 ± 1.8 3.4 ± 1.9 < 0.04

c. NSTEMI patients

lipid parameter
(µmol/l)

day 1
(n=37)

day 2
(n=37)

day 4
(n=37) P value

TC 4.9 ± 1.13 4.78 ± 0.89 4.32 ± 1.0 < 0.05

LDL 3.27 ± 1.0 3.06 ± 0.72 2.78 ± 1.08 0.09

HDL 0.89 ± 0.29 0.85 ± 0.27 0.85 ± 0.25 NS

TG 2.22 ± 1.53 2.31 ± 1.28 2.17 ± 0.64 NS

CRP 0.67 ± 0.52 1.1 ± 0.79 1.7 ± 0.8 < 0.03

d. Mean LDL levels of statin-naïve compared to chronic statin-treated 
patients 

ldl levels
(µmol/l) day 1 day 2 day 4 P value

Statin-naïve 
(n=50)

3.59 ± 1.01 3.3 ± 0.79 2.89 ± 0.97 < 0.001

Chronic statin
(n=17)

2.76 ± 0.96 2.47 ± 0.96 2.45 ± 0.88 < 0.05

Values are mean ± SD
TC = total cholesterol, LDL = low density lipoprotein cholesterol, HDL = high 
density lipoprotein cholesterol TG = triglycerides, CRP = C-reactive protein
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the randomized LUNAR study. Eligibility for inclusion in the 
LUNAR study required admission to the hospital within 48 
hours of onset of ischemic symptoms. Admission to the hospital 
was considered as day 1. Therefore, the “day 1” cholesterol level 
of a patient who started having symptoms 48 hours previously 
is equivalent to the level on day 2 or even day 3 in our study, as 
well as in the previous studies. If a significant number of the 
LUNAR study patients had been enrolled more than 24 hours 
after symptom onset, the nadir of TC and LDL-C may have 
been missed. In addition, our study included only patients with 
acute MI, whereas 23% of patients enrolled in the LUNAR study 
had unstable angina. The magnitude of the drop in lipid levels 
was higher in acute MI compared to unstable angina, as shown 
in the LATIN study [6]. The presence of a significant number 
of unstable angina patients may have contributed to the non-
significant drop in lipid levels in the LUNAR study.

Possible mechanisms accounting for this decrease in TC 
and LDL-C in the presence of acute MI include the acute-
phase response associated with up-regulation of LDL-C 
receptor activity [12]. In addition, stress-induced myocar-
dial injury facilitates adrenergic mediated adipocyte lipolysis 
leading to free fatty acid mobilization, enhanced hepatic very 
low density lipoprotein (VLDL) secretion, TG elevation, and 
alteration in LDL and HDL particle composition [13,14].

Our results showing that higher cTnT levels were asso-
ciated with a more significant decrease in LDL are con-
sistent with the fact that larger MIs are associated with a 
more intense acute-phase and inflammatory response [15]. 
Similarly, patients with diabetes develop a more intense 
inflammatory response during the post-infarction recovery 
period compared to non-diabetics [16,17].

The fact that cholesterol levels decrease significantly after 
an acute MI is important clinically. It was recently shown 
that only about half the MI patients were prescribed high 
dose potent statin on discharge [18]; one of the factors found 
to predict lack of high dose potent statin prescription was 
LDL-C levels < 100 mg/dl [18]. It is important, therefore, to 
choose a statin type and dose not based on hospital LDL-C 
level taken more than 24 hours after admission for acute MI. 

In conclusion, cholesterol levels decrease significantly after an 
acute MI, especially in larger infarctions associated with higher 
cTnT levels, and in diabetic patients. Measurements taken within 
24 hours of onset may serve as a valid estimate of patient lipid 
profile and may be used to guide selection of lipid-lowering 
medication. Later measurements, however, may underestimate 
lipid levels and negatively influence clinical decisions. 
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LDL-C levels between day 1 and day 4 significantly decreased 
in both groups  [Table 2D].

When separating the patients according to ST segment devi-
ation, a similar statistically significant decrease in both TC and 
LDL-C was seen for STEMI patients [Table 2B]. In NSTEMI 
patients, a decrease in both TC and LDL-C was present as well; 
however, only the decrease in TC was statistically significant 
[Table 2C]. 

Logistic regression model [Table 3] identified the presence 
of diabetes mellitus as the strongest independent predictor of a 
clinically significant (e.g., ≥ 10%) decrease in LDL-C on day 2. 
In addition, higher cTnT levels were associated with a signifi-
cant reduction in LDL-C levels on day 2. Gender and MI type 
(STEMI vs. NSTEMI) were not identified as significant predic-
tors of LDL-C decrease, whereas higher age was associated with 
the reduced likelihood of a decrease in LDL-C.

discussion

Our observation is supported by previous studies mentioned 
above [1-6]. The magnitude of the decrease in lipid levels in 
our study is compatible with the results of more recent studies 
[3-6]. Our data demonstrated a decrease in TC and LDL-C in 
both STEMI and NSTEMI; however, the decrease was more sig-
nificant in STEMI patients [Table 2], a finding compatible with 
the results of the LATIN study [6]. Moreover, our data showed 
that higher cTnT levels were associated with a more significant 
decrease in LDL [Table 3], suggesting that larger myocardial 
damage is associated with a more significant decrease in LDL 
levels. As shown in Table 3, diabetes mellitus was the strongest 
independent predictor of a more significant decrease in LDL.

LDL-C levels were significantly decreased regardless of 
previous statin use [Table 2D]. The fact that all patients were 
prescribed atorvastatin on the evening of day 2 clearly did not 
influence lipid levels measured on the morning of day 2 and 
would be unlikely to affect lipid levels on the morning of day 4, 
given that significant effects of a statin on lipid levels would be 
expected only at 2 weeks after initiation of treatment [10,11]. 

We suggest two explanations for the contradictory findings 
of the study by Pitt et al. [7]. Their study was a sub-study of 

table 3. Logistic regression model for predictors of > 10% decrease 
in LDL levels 

Hr ci 95% P value

STEMI 1.74 0.53–5.77 0.36

Diabetes 6.73 1.63–27.85 0.01

cTnT (1 mmol increment) 1.81 1.01–3.24 0.04

Age (1 yr increment) 0.92 0.87–0.98 0.001

Male gender 0.61 0.12–3.26 0.57

OR = odds ratio, CI = confidence interval, STEMI = ST elevation myocardial 
infarction, cTnT = cardiac troponin T
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The increasing threat of pathogen resistance to antibiotics 
requires the development of novel antimicrobial strategies. 
Yosef et al. present a proof of concept for a genetic 
strategy that aims to sensitize bacteria to antibiotics and 
selectively kill antibiotic-resistant bacteria. The author used 
temperate phages to deliver a functional clustered regularly 
interspaced short palindromic repeats (CRISPR)–CRISPR-
associated (Cas) system into the genome of antibiotic-
resistant bacteria. The delivered CRISPR-Cas system 
destroys both antibiotic resistance-conferring plasmids 

and genetically modified lytic phages. This linkage between 
antibiotic sensitization and protection from lytic phages 
is a key feature of the strategy. It allows programming of 
lytic phages to kill only antibiotic-resistant bacteria while 
protecting antibiotic-sensitized bacteria. Phages designed 
according to this strategy may be used on hospital surfaces 
and hand sanitizers to facilitate replacement of antibiotic-
resistant pathogens with sensitive ones. 

Proc Natl Assoc Sci uSA 2015; doi: 10.1073/pnas.1500107112
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Childhood acute lymphoblastic leukemia (ALL) can often be 
traced to a preleukemic clone carrying a prenatal genetic 
lesion. Postnatally acquired mutations then drive clonal 
evolution toward overt leukemia. The enzymes RAG1-RAG2 
and AID, which diversify immunoglobulin-encoding genes, are 
strictly segregated in developing cells during B lymphopoiesis 
and peripheral mature B cells, respectively. Swaminathan 
et al. identified small pre-BII cells as a natural subset with 
increased genetic vulnerability owing to concurrent activation 
of these enzymes. Consistent with epidemiological findings 
on childhood ALL etiology, susceptibility to genetic lesions 
during B lymphopoiesis at the transition from the large pre-

BII cell stage to the small pre-BII cell stage was exacerbated 
by abnormal cytokine signaling and repetitive inflammatory 
stimuli. The authors demonstrated that AID and RAG1-RAG2 
drove leukemic clonal evolution with repeated exposure 
to inflammatory stimuli, paralleling chronic infections 
in childhood. The authors also suggest that early age 
vaccinations against infectious diseases mitigate this path to 
malignancy driven by these enzymes, and as an example they 
mention HinfB vaccination which reduced ALL in 5–7 year old 
children by 20%. 

Nature Immunol 2015: doi:10.1038/ni.3160 
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